A simple, highly sensitive, high performance liquid chromatographic method with fluorescence detection for the determination of 7-dehydrocholesterol in human skin surface is described. 7-Dehydrocholesterol, extracted with hexane-ethanol (1:1, v/v) from skin surface using a handy extraction device, is converted into a fluorescent derivative by reaction with 3,4-dihydro-6,7-dimethoxy-4-methyl-3-oxo-quinoxaline-2-carbonyl azide. The derivative is separated from biogenic interfering substances on a reversed-phase column (TSK gel ODS-120T) with aqueous 90% (v/v) acetonitrile and detected f uorometrical y. The detection limit (S/N=3) is 1.6 pmo (0.61 ng) cm-2 of human skin surface [corresponding to 18 fmol (6.8 pg) in a 10 µl injection vo umel. The correlation between age and the concentration of 7-dehydrocholesterol in skin surface is also described. 6,7-dimethoxy-4-methyl-3-oxoquinoxaline-2-carbonyl azide, human skin surface 3,4-dihydro-7-Dehydrocholesterol (7-DHC; 5,7-cholestadien-3a-ol) is present in human skin and is converted photochemically into vitamin D3 via previtamin D3 in vivo. It is well known that aging decreases the capacity of human skin to produce vitamin D3.1 The correlation between age and the 7-DHC concentration level in human skin has been studied2 with human skin tissues obtained surgically from patients undergoing reduction mammaplasty or limb amputation; 7-DHC was extracted with an organic solvent from minced human skin samples and determined by high performance liquid chromatography (HPLC) with UV detection. A simpler and more sensitive method which doesn't involve surgery for sampling is desirable for the determination of 7-DHC in human skin.
7-Dehydrocholesterol (7-DHC; 5,7-cholestadien-3a-ol) is present in human skin and is converted photochemically into vitamin D3 via previtamin D3 in vivo. It is well known that aging decreases the capacity of human skin to produce vitamin D3. 1 The correlation between age and the 7-DHC concentration level in human skin has been studied2 with human skin tissues obtained surgically from patients undergoing reduction mammaplasty or limb amputation; 7-DHC was extracted with an organic solvent from minced human skin samples and determined by high performance liquid chromatography (HPLC) with UV detection. A simpler and more sensitive method which doesn't involve surgery for sampling is desirable for the determination of 7-DHC in human skin.
We previously reported a highly sensitive HPLC method for the determination of 7-DHC in minced rat skin samples using precolumn fluorescence derivatization with 3,4-dihydro-6,7-dimethoxy-4-methyl-3-oxoquinoxaline-2-carbonyl azide (DMEQ-CONS), a fluorogenic reagent for alcohols.3 In addition, a handy device has recently been developed for lipid extraction from human skin surface4 and applied to the determination of cholesterol and squalene.s The purpose of the present research is to establish a simple, sensitive method for the determination of 7-DHC in human skin surface based on the above-mentioned HPLC method using the extraction device.
Experimental
Chemicals and solution All chemicals were of reagent grade, unless stated otherwise. Deionized and distilled water was used. 7-DHC was purchased from Sigma Chemical Co. (St. Louis, MO, U.S.A.). DMEQ-CONS was prepared as described previously.6 DMEQ-CONS solution (2.0 mM) was prepared in benzene, and could be used for two days when stored at 4°C.
Apparatus and HPLC conditions
A lipid-extraction device was a gift from Professors Imaeda and Ohsawa.
A Waters 510 high performance liquid chromatograph equipped with a U6K universal injector (20 tl loop), and a Hitachi F1100 fluorescence spectromonitor equipped with a 12 µl flow-cell operated at an excitation wavelength of 360 nm and an emission wavelength of 440 nm, were used. The column was a TSK gel ODS-120T (250X4.6 mm i.d., 5 µm; Tosoh, Tokyo, Japan). The column temperature was maintained at 50°C. The mobile phase was aqueous 90% (v f v) acetonitrile. The flow rate was 1.0 ml min-'. When the skin sample was SCIENCES DECEMBER 1989, VOL. 5 analyzed, after the DMEQ derivative of 7-DHC had been eluted, acetonitrile was passed through the column for ca. 15 min at the same flow rate in order to wash out biogenic substances retained on the column. When corrected fluorescence excitation and emission spectra of the eluates were required, a Hitachi 650-60 fluorescence spectrophotometer fitted with a 20 µl flowcell was used; the spectral bandwidths were 5 nm for both the excitation and emission wavelengths. Procedure 7-DHC was extracted with 30 ml of hexane-ethanol
(1:1, v/ v; the flow rate, ca. 1 ml min') from human skin surface (2.25 cm2) using the extraction device. The extract was evaporated to dryness under a nitrogen stream, and the residue, after dissolving in acetone, was placed in a PTFE screw-capped 10 ml vial; the solvent was evaporated to dryness in the same manner. The residue was dissolved in 0.2 ml of the DMEQ-CONS solution and the mixture was heated for 60 min at 120°C. After cooling, the reaction mixture was diluted with 1.8 ml of methanol, and a 10 µl portion of the resulting solution was subjected to HPLC. A calibration graph was prepared according to the procedure, except that standard solutions [40 pmol-100 nmol (15.4 ng-38 µg) 100 pt'] of 7-DHC in ethanol were added to the extract from human skin surface (2.25 cm2).
Results and Discussion
The HPLC and derivatization conditions were almost the same as described previously. 3 Of the solvents examined for the extraction of 7-DHC from human skin surface, hexane, ethanol, ethyl acetate, diethyl ether, acetone, benzene and their mixtures, a mixture of hexane-ethanol (1:1, v/ v), gave the best recovery of 7-DHC; a maximum and constant extraction of 7-DHC was achieved with more than 20 ml of the mixture (Fig. 1) ; 30 ml was used in the procedure. Figure 2 shows typical chromatograms obtained with a standard solution of 7-DHC and a skin extract. The retention time for 7-DHC was 37.8 min.
Many fluorescent peaks were observed in the chromatogram of the skin extract (Fig. 2B) . The peak for 7-DHC was identified on the basis of the retention time and fluorescence excitation and emission spectra, in comparison with the standard compound, and co-chromatograpy with the standard using aqueous 80 -100% (v/v) methanol, aqueous 80 -90% (v/v) acetonitrile and their mixture as mobile phase. For a further identification of the peak for 7-DHC, the residue obtained from the extract was treated with 3-chloroperbenzoic acid (to oxidize the double bonds of 7-DHC) under the conditions of epoxidation of cholesterol' followed by derivatization. Peak 1 was apparently removed by the oxidation (Fig. 2B) .
A linear relationship was observed between the peak heights and the amounts of 7-DHC added to the extract from human skin surface (2.25 cm2), up to at least 100 nmol (38 µg). The detection limit (S/ N=3) was 1.6 pmol (0.61 ng) cm 2 human skin surface [corresponding to 18 fmol (6.8 pg) in a 10-tl injection volume]. The within-day precision was determined from repeated analyses (n=8) of human skin (back of hand) surface containing 26.4 pmol (10.1 ng) cm-2 of 7-DHC. The relative standard deviation was 5.6%.
The concentrations of 7-DHC in different parts of normal male skin surface measured by this method are shown in Table 1 . The concentrations were almost the same, independent of the sampling parts in human skin, and tended to decrease with age. This tendency was confirmed by measuring 7-DHC in abdomen skin surfaces of various age. It appears that the 7-DHC concentration in the skin surface decreases nearly logarithmically with age (Fig. 3) . The linear-regression equation was logy-0.00647x+1.33; =where y and x are the 7-DHC concentration (ng cm 2) and the age (year), respectively [the linear correlation coefficient (r), -0 .836]. The results were almost parallel to those obtained with skin tissue.2 This suggests that the 7-DHC concentration in skin surface reflects that in skin tissue.
This method does not require a surgical supply of human skin or a complicated extraction procedure; further, it is rapid and sensitive (8 samples can be assayed within 12 h using 2.25 cm2 of human skin surface). Accordingly, this method should be a useful aid for biological and biomedical investigations of 7-DHC.
(Received July 10, 1989) Fig. 3 Relationship between age and 7-DHC concentration in normal human skin (abdomen) surface (n=20).
